Delivery of messenger RNA using poly(ethylene imine)-poly(ethylene glycol)-copolymer blends for polyplex formation: biophysical characterization and in vitro transfection properties.
Nucleic acid based therapies have so far mainly been focused on plasmid DNA (pDNA), small interfering RNA (siRNA), antisense and immunostimulatory oligonucleotides. Messenger RNA (mRNA) was the subject of only a few studies. The objective of this investigation was the preparation of new composite polyplexes with mRNA consisting of poly(ethylene imine) (PEI) and poly(ethylene imine)-poly(ethylene glycol)-copolymers (PEI-PEG) as blends. These complexes were designed to increase the stability of mRNA, to improve transfection efficiency and to reduce cytotoxicity. Hydrodynamic diameters of the polyplexes were measured by dynamic light scattering, polyplex stability was analyzed by gel retardation assay and transfection efficiency of luciferase (Luc) encoding mRNA was evaluated under in vitro conditions. Most of the polyplexes generated showed small particle sizes <200 nm and positive zeta-potentials of +20 mV to +30 mV. Stable complexes were formed even at low nitrogen to phosphate ratios. Polyplexes with mRNA Luc and blends of low molecular weight PEI(5 kDa) and PEI(25k Da)-PEG(20 kDa)₁-block-copolymer showed protein expression as high as polyplexes with PEI(25 kDa). Moreover, luciferase expression was significantly higher than that obtained with one of the components alone. These results suggest that delivery systems for pulmonary application of mRNA merit further investigation under in vitro and in vivo conditions.